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Happy New Year!

How Does Water Damage Electronics?
Water intrusion events into interior facility spaces occur in many forms, including: roof leaks (by
far the most common water event type), plumbing leaks and pipe breaks, roof and HVAC drain
overflows, condensation (primarily from HVAC system ductwork), rain intrusion and surface
flooding. All water intrusion events have similar impacts on electrical/mechanical systems,
differing only with the types of secondary contaminants dissolved within the water along its
leakage path and the types of metals used in the systems.
The impact of water on metal surfaces is highly dependent on the metal type, contact time,
composition of the contaminants absorbed by the water during the event, and most importantly
whether the metal was powered (directly or indirectly) at the time of the event. Water impact to
exposed metallic surfaces may be defined within five categories (in increasing level of impact):
•
•
•
•
•

Water residue deposition
Oxidative corrosion
Galvanic corrosion
Electrolytic corrosion
Short-circuiting, heating and arcing

The impact of water residue on a metallic surface, where corrosion has yet to occur, is simply that
the deposited material may make the surface more susceptible to future corrosion during a high
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humidity event, particularly if the deposited materials contain any hygroscopic ("moisture
absorbing") salts. Deposited residue should always be removed from metallic surfaces after a
water intrusion event, when it is safe and non-disruptive to do so, both to avoid any potential longterm corrosion concern, as well as to easily identify the impact of any future water ingress or
condensation problem.
Oxidative corrosion is the most common impact of water (and moisture) on metallic surfaces, with
the rusting of iron (forming ferric oxide) as the prime example. The degree of oxidative corrosion
is highly dependent on the time that the water is in contact with the metal, the type of metal (iron
is easily oxidized, aluminum is much less susceptible) and the amount of time that the wet surface
is exposed to air before complete drying. The impact of oxidative corrosion may be measured by
the amount of metal that is oxidized or more simply the depth below the surface that has been
oxidized. Of importance to damage assessment is that oxidative corrosion tends to be a selflimiting chemical reaction (as opposed to galvanic and electrolytic corrosion or acidic gas
contamination from a fire involving PVC - a future newsletter topic). As a surface becomes
oxidized, there are less metal molecules exposed to the air and available for further oxidation.
Thus, surface oxidation of some metals (e.g., stainless steel - see Newsletter V1 N4) actually is a
beneficial "surface passivation" mechanism that inhibits corrosion deep into the material. In other
metals, such as copper, oxidative corrosion may take several different forms. In the presence of
common atmospheric pollutants (sulfur oxides), copper will form copper sulfate, providing a
"patina" green color that is often a desirable architectural feature. Under other circumstances
copper will form cupric oxide ("copper tarnish"), a black non-conductive material that in electrical
systems may make it difficult to gain a low resistance connection to copper buss bars. Fortunately,
copper tarnish is readily removable by solvent cleaning and further tarnish may be prevented
through the application of an anti-oxidant coating to the copper surface.
Galvanic corrosion is actually a form of corrosion that may occur without direct water damage but
is highly enhanced in the presence of water. Galvanic corrosion is essentially an electrochemical
process that causes the removal of surface metal molecules (at the anode metal) when a low level
current flow is created by contact between two dissimilar metals. Every metal has a unique
electrical potential in the "galvanic series". Contact of dissimilar metals will allow a low level
current to flow between the metals, depending upon the difference in potential between the metals.
The anode of the metal pair is the sacrificial metal, loosing ions that are deposited on the cathode.
The presence of water speeds up galvanic reactions in two ways. First, water may bridge
dissimilar metals that are not normally in contact, creating a galvanic cell. Secondly, water contact
may act as an electrolyte, enhancing the current flow between dissimilar metals that may already
be in contact. The impact of galvanic corrosion often is limited to delicate electronics and
occasionally the aesthetics of ductwork and other galvanized surfaces. It is interesting to note that
the purpose of "galvanizing" steel surfaces (air duct sheet metal, conduits, and electrical panel
encasements) is that the zinc plating is meant to act as a sacrificial anode to protect the underlying
steel.
Electrolytic corrosion occurs as a result of water contacting powered metallic surfaces. The
presence of water on powered equipment results in the creation of a continuous leakage pathway
from the powered surfaces to ground. In a DC current system, this electrical leakage occurs from
the battery providing continuous DC current, resulting in the immediate start of electrolytic
corrosion. Electrolytic corrosion or "electrolysis", which produces a metal-carbonate (e.g., the
blue-green colored copper carbonate), will continue until the power is eliminated. The continued
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creation of electrolytic corrosion for even a few minutes often results in non-repairable damage to
circuitry and components of powered DC systems. In AC powered systems, electrolytic corrosion
is much less rapid and often results in much less damage due to the voltages involved and the
thickness ("bulk") of the metals used in common AC powered building applications (e.g.,
switchgear, electrical panels, cabling and connectors). While electrolytic corrosion is devastating
to microelectronics, since it often irreparably removes protective surface metals exposing base
metals to rapid corrosion, it is often easily removable from AC electrical systems through simple
abrasion of the corroded surface. This assumes that corrosion product is removed, that the power
was removed shortly after the system was impacted by water, and that no arcing damage has
occurred as a result of shorts to ground. If the corrosion product is allowed to remain on powered
surfaces, particularly within connectors where it is difficult to see, the surface will continue to
corrode.
An example of irreparable electrolytic corrosion on a telecommunications cross-connect block
from a past flood event is shown at the top of the newsletter. Both oxidative corrosion (on battery)
and electrolytic corrosion (on IC chip) are shown in the photograph at the end of the newsletter.
If left unattended, electrolytic corrosion will result in electrical failure due to high electrical
resistance that develops at connectors. This resistance promotes heating at connectors or even
within the current carrying member itself. Under worse case conditions, this heating can result in a
fire. It is for this reason that electrolytic corrosion must be removed from current carrying
surfaces.
A more common concern with water intrusion into powered electronic systems that can occur at
the time of the event is hard failures due to electrical short-circuiting. Short-circuits form when
water bridges normally isolated conductors. Continued current flow produces electrolytic
corrosion products that may also result in the bridging of isolated conductors. This can lead not
only to electrical failure but also to arcing and fire if the current draw remains below the fusing
current, causing excess heat to be generated.
It should be noted that electrical systems, electrical connectors, wires, HVAC system ductwork,
conduit and most metallic and polymeric surfaces will not be damaged by non-condensing
moisture in the air even at high relative humidities, assuming the lack of significant dust
contamination. Clean electrical systems require condensed phase water to cause electrolytic
corrosion. Galvanized sheet metal, such as used for HVAC system ductwork, is a specifically
chosen material for the high humidity conditions experienced in air-conditioning systems. The
one concern with electrical systems and ductwork in the presence of a moist environment is when
they have been heavily soiled with airborne contaminants that are hygroscopic (water absorbing)
in nature. Such contaminants may occur in outdoor air and could impact systems that have been
in place for numerous years. However, for new installations that have only been exposed to
construction and renovation related dust (wallboard, concrete and common soil particles),
damage to such surfaces would not be expected to occur solely due to high humidity.
"Hygroscopic dust" and its impact on electronics will be another future newsletter topic.
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Please address any comments or questions on these articles via email to Mark Krzyzanowski at mark@eqdamcon.com. Please also feel free to
suggest newsletter article topics related to technology equipment and property claims.
Equipment Damage Consultants
96 Riverbrook Avenue  Lincroft, NJ 07738
Phone: 732-530-9863  Fax: 732-796-6955
Email: mail@eqdamcon.com
Web site: http://www.eqdamcon.com
Previous editions of Equipment Claim Times are available on our web site.
If you wish to be removed from our mailing list, please reply to this email with Subject Line: "Remove"
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